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We present an analysis of BVR C I C observations of the field sized around 4' x 4' centered 
at the host galaxy of the gamma-ray burst GRB 021004 with the 6-m BTA telescope of 
the Special Astrophysical Observatory of the Russian Academy of Sciences. We measured 
Oh 1 the magnitudes and constructed the color diagrams for 311 galaxies detected in the field 

(S/N>3). The differential and integral counts of galaxies up to the limit, corresponding to 

£3 ! 

28.5 (B), 28.0 (V), 27.0 (R c ), 26.5 (J c ) were computed. We compiled the galaxy catalog, 
consisting of 183 objects, for which the photometric redshifts up to the limiting magnitudes 
26.0 (B), 25.5 (V). 25.0 {R c ), 24.5 (I c ) were determined using the HyperZ code. We then 
examined the radial distribution of galaxies based on the z estimates. We have built the 

^ > 

, curves expected in the case of a uniform distribution of galaxies in space, and obtained the 

CO 



estimates for the size and contrast of the possible super-large-scale structures, which are 
accessible with the observations of this type. 

1. INTRODUCTION square arcseconds to a few square degrees). In [1] 

the directions to gamma-ray bursts were pro- 

To obtain the observational constraints on the poged to be adopted as the centers of deep fields 

existence of possible super-large-scale structures COV ering the celestial sphere 
in the large-scale distribution of visible matter 

in the Universe a method of "space tomography" About a dozen deep images were obtained in 
was earlier proposed [1-3]. To apply it, a reason- the program for optical identification of y-ray 
ably large part of the celestial sphere needs to bursts and during the study of their host galaxies 
be covered with deep images of individual fields with the 6-m BTA telescope of the Special Astro- 
obtained with the 3-10 m class telescopes. Such physical Observatory of the Russian Academy of 
images are characterized by a large penetration Sciences (SAO RAS) [4]. The results of study of 
depth [z > 1) and a small area (from several several deep fields obtained with the BTA were 
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discussed in [5, 6]. 

The goal of this work is to separate and 
study the objects in the field of GRB 021004, 
and to compile a catalog of distant galaxies. We 
demonstrate the feasibility of obtaining the con- 
straints on the size and contrast of super-large- 
scale structures based on the four-band observa- 
tions of deep fields with the BTA on the example 
of this field. 

2. OBSERVATIONS AND DATA 
REDUCTION 

2.1. Observations and Reduction 

The photometric observations of the field 
of the host galaxy of GRB 021004 were per- 
formed with the BTA from November 29 to 
December 5, 2002 (see [7-9]) in the program 
of optical identification of gamma-ray bursts. 
The area was centered on the coordinates 
of the host galaxy a 2 ooo.o = 00 ft 26 m 54 s .69, 
<52000.o = +18°55'41".3 [10], which corresponds 
to the galactic latitude and longitude b = 
-43°33'41".l, 114°55'01".l, respectively. The 
observations were carried out with the SCORPIO 
focal reducer [11], mounted in the main focus, 
with the 1034 x 1034 CCD chip TK1024 used as 
a radiation detector. 

The CCD chip pixel size is 24 x 24 microns, 
which corresponds to the angular scale of 0.289" 
per element. We made use of broadband fil- 
ters, which, combined with the spectral sensitiv- 



ity of the CCD chip, implement the photomet- 
ric system close to the standard Johnson-Krohn- 
Cousins BVR C I C system [12]. The total exposure 
time was 2600 s. (B), 3600 s. (V), 2700 s. (R c ), 
and 1800 s. (7 C ). The observational conditions 
were photometric with an average image qual- 
ity of 1.3 arcseconds. It was estimated as the full 
width at half maximum (FWHM) of the image 
of star-shaped objects in the field. 

Initial data reduction was carried out with 
a standard technique applied to the CCD data, 
using the ES0-MIDAS package 1 , and consisted of 
e-zero subtraction, division by the flat field, re- 
moval of the traces of interference in the R c and 
I c filters, removal of traces of cosmic particles. 
All the frames obtained in one filter were summed 
up. They were pre-reduced to the reference frame 
using a set of reference objects: the geometric 
transformation (the shift, rotation, scaling) was 
computed. We commonly used 7-15 reference 
objects. Star-shaped objects were used for a 
more accurate conversion, which helped achieve 
the accuracy of 0.2-0.5 CCD chip elements while 
computing the shift. 

The combined frames were identically ori- 
ented, and reduced to a common coordinate sys- 
tem. The size of the overlap region of the com- 
bined images in all the filters amounted to about 
4' x4'. The astrometric calibration of the reduced 
frames was done with the use of the wcstools and 

1 the MIDAS (Munich Image Data Analysis System) 
package is distributed and supported by the European 
Southern Observatory 
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ds9 codes, and employing the USNO-B1.0 cata- 
log [13]. 

The reference stars should meet the follow- 
ing criteria to be calibrated relative to the global 
coordinate system: 

• their centers should be easily determined; 

• their images should not reach saturation; 

• they should not be too weak, so that their 
positions are not distorted by the back- 
ground noise; 

• own motion must be absent or minimal, as 
the images of the studied region and the 
images of reference stars from the catalogs 
are obtained at different epochs, between 
which the stars can significantly shift; 

• they should not overlap. 

To perform the calibrations we selected six 
reference stars. The astrometry error amounted 
to 0".2. Further, the frames that were re- 
duced and calibrated relative to the global co- 
ordinate system were superimposed using the 
ALIGN/IMAGE and REBIN /ROTATE proce- 
dures of the ESO -MIDAS package, hence deter- 
mining the region common to all frames where 
the objects of study were then searched for (see 
Fig. 1). 

2.2. Object Separation and Photometry 

The software package SExtractor [14] was 
used for the search and photometry of a large 



number of objects in the field. The <STAR 
CLASS> parameter of the SExtractor pack- 
age served as a criterion for separating the star- 
shaped and extended objects. The object is con- 
sidered star-shaped if the <STAR CLASS > pa- 
rameter for it is greater than 0.7. 

The package allows measurements of several 
magnitude types: 

• The isophote magnitude is determined as 
the integral flux over the region with an 
intensity above a specified limit; 

• The corrected isophote magnitude is deter- 
mined in the following manner: the pro- 
file of the object is approximated by a 
two-dimensional Gaussian, and, proceed- 
ing from the parameters found, the cor- 
responding correction is applied to the 
isophote value; 

• The automatic magnitude, Kron [15] has 
demonstrated that in the objects with star 
formation, power-law and exponential pro- 
files, reduced with a Gaussian, approxi- 
mately 92% of the flux is enclosed in an 
aperture of radius kri, where k « 2, and 
r\ = ■ The SExtractor package 
estimates the elliptical aperture with the 
major axes of ekr\ and kri/e, where e 
stands for ellipticity. The automatic value 
is determined as the magnitude measured 
in such an aperture; 

• The aperture magnitude is estimated as a 



Figure 1. The objects detected in four filters (the galaxies are enclosed by the squares, the star-shaped 
objects are marked by crosses). The black arrow points to the host galaxy. 



magnitude, measured in the circular aper- 
ture denned by the user. 

The total magnitude is equal to the automatic 
magnitude, unless the corresponding aperture of 
the object captures the neighboring object, vary- 
ing the magnitude by more than 0.1 m . Other- 



wise, the corrected isophote magnitude is used. 

Background construction is a very important 
procedure for the automatic object search. This 
is why it was monitored visually. The approxi- 
mated background was checked for the absence 
of structures around bright objects, and sharp 
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fluctuations on small scales (below 5-7 FWHM). 

The 3d excess of intensity over the back- 
ground was selected as a detection limit, 
where a stands for the background fluctuations. 
A detected candidate is considered a real object 
if it occupies at least four adjacent elements of 
the CCD chip. In total we discovered 637, 771, 
1169 and 615 objects in the B, V, R c and I c 
bands, respectively. The isophote, aperture and 
full magnitudes were measured for all the cata- 
logue objects. 

The object's magnitude in the instrumental 
system is calculated as follows: 

F k 

m aper = -2.5 x log(-— ) -, (1) 

J- exp cos 

where F is the flux from the object (in counts) 
at a given aperture, T exp is the exposure time (in 
seconds), k denotes the atmospheric extinction 
coefficient, and Z is the zenith distance (in de- 
grees). The atmospheric extinction coefficients 
were adopted from [16] and are, respectively, 
k B = 0.34, k v = 0.21, k Rc = 0.15 and k Ic = 0.1 
magnitudes. To calculate the instrumental value 
in the case of star-shaped objects the so-called 
finite-aperture corrections were used. Then the 
expression for the total magnitude is written as 

m = m aper — 5m, 

where m ap er is the magnitude, determined from 
the expression (1) and 5m is the finite- aperture 
correction, estimated from the growth curves for 
the brightest star-shaped objects in the field. 
To determine the magnitude measurement er- 



rors the signal-to-noise ratio was computed 

S_ _ F 

N ~ ^F/g + Ax P' 

where F is the flux from the object (in counts) at 
a given aperture, g is the transformation quan- 
tum (electrons per count), A is the number of el- 
ements in the aperture and a 2 is the background 
dispersion (in counts). Then the error is calcu- 
lated as follows: 

2.5 a F _ 2.5 1 

am "hTTo x ^"h 1 To x sJn- 

The photometric calibration was performed 
using secondary standards adopted from [17], for 
which the difference between the instrumental 
and standard values in each band was calculated. 
Their averaged values were taken as zero points. 
The zero-point errors amounted to 0.01 — 0.02 m 

Photometry of a large number of objects in 
the field allowed us to determine the limiting 
magnitude. The detection limit was set as the 
average magnitude of objects with S/N= 3, 28.0, 
27.5, 27.0 and 26.0 in the B, V, R c and I c filters, 
respectively. 

3. PHOTOMETRIC REDSHIFT 
MEASUREMENTS 

Measuring spectroscopic redshifts for hun- 
dreds of faint objects in deep fields is a rather 
complicated and laborious process which requires 
a lot of observational time. However, there ex- 
ist many tasks for which the photometric red- 
shift estimates based on multicolor photometry 
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are quite acceptable. The accuracy of such esti- 
mates is about 10%, however, this is often enough 
for statistical studies of the properties of distant 
objects. 

The photometric redshifts of galaxies detected 
in the field of the host galaxy GRB 021004 from 
the data of broadband observations performed 
with the BTA were measured using the HyperZ 
[18] software package. 

The HyperZ package input data includes: 
the BVR C I C values and the errors thereof, 
absorption in our Galaxy, the cosmologi- 
cal model parameters, spectral energy dis- 
tribution of different types of galaxies, di- 
verse extinction laws in the galaxies. The 
absorption in our Galaxy was adopted at 
E(B — V) = 0.025 according to the dust maps 
from [19]. We used a cosmological model with 
H = 70 km/s/Mpc, £l M = 0.3 and fi A = 0.7. 
The spectral energy distributions were adopted 
from the library of model spectra (the templates, 
template spectra), provided by the HyperZ pack- 
age. The models differ by the nature of star for- 
mation. This is either a constant rate of star 
formation, an exponential decline, or an initial 
burst of star formation in the form of a delta 
function. 

To estimate the photometric redshifts of 
galaxies we have to take into account the pecu- 
liarities of internal laws of extinction and absorp- 
tion in the line of sight, as it significantly affects 



the result. We considered the alternate versions 
presented in the HyperZ package. This is the 
same law of absorption, similar to the laws for 
the Large and Small Magellanic Clouds in our 
Galaxy, and the law of extinction for the galax- 
ies with star formation. These laws differ by 
the slope of curves in the far ultraviolet region 
and, more importantly, by the presence or ab- 
sence of the graphite absorption band at 2200A. 
The absorption range was assigned as equal and 
amounted to Ay = 0.0 — 3.0 mag. with the step 
of 0.3. The redshift was registered in the range 
of z = 0.0 - 5.0 with the step of 0.1. 

Apart from measuring the redshift we esti- 
mated other parameters of the galaxies (see Ta- 
ble 1.). For example, the spectral type of a given 
galaxy was determined based on the similarities 
of energy distribution in the object's spectrum to 
one of the theoretical template spectra. 

4. RESULTS 

4. 1 . Catalogue of Discovered Objects 

From the list of objects, discovered in the deep 
field, we selected those with the probability to 
have their redshifts coincide with the computed 
values greater than or equal to 0.9. The final 
catalog contains 183 extragalactic objects within 
the redshift range from 0.05 to 3.8 (Fig. 1 and 
Table 1). 



Table 1. The catalog of objects, Part 1. # is the object number; 
RA and Dec are the equatorial coordinates at the epoch 2000.0; R mag 
+/- Error is the R-band magnitude; A and B are the semi major and 
semi minor axes of the ellipsis, describing the object; O denotes the 
slope of the object's major axis to the horizontal axis of the frame; 
Ellip is the ellipticity of the object; Z is the photometric redshift; % is 
the probability of redshift measurement from the data available; Type 
denotes the galaxy type. Due to a technical error, one object appears 
twice in the catalog (objects # 173 and # 180 are marked with an 
asterisk) . This error does not affect the main results of this paper 
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RA 


Dec 


R mag 


Error 


A 


B 


e 


Ellip 


Z 


% 


Type 


61 


6 


730726 


18 


92726 


23 


36 


0.10 


2 


335 


1 


788 


21.24 





234 





60 


100.000 


Sc 


62 


6 


748846 


18 


91243 


22 


85 


0.07 


2 


715 


2 


155 


-52.13 





206 





64 


100.000 


E 


63 


6 


736760 


18 


92292 


22 


22 


0.06 


3 


263 


2 


453 


70.60 





248 





39 


99.560 


Burst 


64 


6 


753927 


18 


90931 


21 


29 


0.05 


3 


308 


2 


441 


78.50 





262 





35 


90.210 


E 


65 


6 


726554 


18 


93169 


24 


46 


0.14 


1 


761 


1 


341 


54.14 





238 





57 


99.000 


Burst 


66 


6 


711230 


18 


94458 


25 


11 


0.19 


1 


336 





746 


16.83 





442 





51 


100.000 


Burst 


67 


6 


709861 


18 


94726 


22 


03 


0.06 


3 


300 


2 


313 


50.36 





299 





46 


99.740 


SO 


68 


6 


736685 


18 


92534 


21 


77 


0.05 


2 


658 


2 


189 


-24.78 





177 





41 


95.920 


Sa 


69 


6 


722001 


18 


93792 


24 


14 


0.17 


1 


721 





962 


86.30 





441 


2 


81 


99.990 


Burst 


70 


6 


732282 


18 


92990 


24 


12 


0.15 


1 


536 


1 


053 


-76.79 





314 





35 


86.370 


Burst 


71 


6 


758679 


18 


90984 


20 


60 


0.05 


3 


836 


3 


334 


33.44 





131 





40 


86.390 


Burst 


72 


6 


721132 


18 


94138 


20 


47 


0.05 


3 


866 


3 


689 


-21.19 





046 





29 


99.980 


E 


73 


6 


733374 


18 


93218 


21 


76 


0.05 


3 


137 


1 


919 


59.43 





388 


1 


09 


98.950 


E 


74 


6 


736860 


18 


92805 


24 


15 


0.10 


1 


332 


1 


287 


-10.30 





034 





64 


99.650 


Burst 


75 


6 


732345 


18 


93360 


23 


11 


0.07 


2 


416 


1 


519 


24.85 





371 





35 


99.910 


SO 


76 


6 


730218 


18 


93581 


22 


46 


0.06 


2 


979 


1 


954 


-21.09 





344 





44 


98.440 


E 


77 


6 


729551 


18 


93704 


20 


21 


0.05 


3 


677 


3 


230 


36.52 





122 





44 


98.650 


E 


78 


6 


737521 


18 


93082 


20 


05 


0.05 


3 


210 


2 


526 


51.20 





213 





38 


91.080 


Burst 


79 


6 


736118 


18 


93245 


21 


37 


0.05 


3 


834 


2 


793 


-35.86 





272 


2 


97 


99.920 


Burst 


80 


6 


747920 


18 


92270 


20 


59 


0.05 


4 


587 


3 


421 


22.91 





254 





63 


97.280 


Burst 


81 


6 


743696 


18 


92608 


22 


59 


0.06 


2 


449 


2 


312 


-10.35 





056 





64 


99.850 


SO 


82 


6 


741006 


18 


92750 


22 


64 


0.06 


2 


975 


2 


208 


-66.72 





258 





50 


96.220 


Burst 


83 


6 


731962 


18 


93714 


22 


67 


0.06 


2 


493 


1 


749 


37.32 





298 





35 


96.560 


Burst 


84 


6 


753860 


18 


91760 


21 


42 


0.05 


3 


386 


2 


719 


-46.55 





197 





40 


87.660 


Burst 


85 


6 


721753 


18 


94624 


23 


28 


0.08 


2 


316 


1 


664 


-50.62 





282 





65 


99.490 


E 


86 


6 


719014 


18 


94839 


21 


16 


0.05 


2 


837 


2 


675 


-32.09 





057 





41 


99.650 


Burst 


87 


6 


751827 


18 


92470 


23 


26 


0.09 


2 


001 


1 


508 


44.36 





247 





41 


92.240 


Burst 


88 


6 


724735 


18 


94761 


23 


39 


0.10 


2 


556 


1 


541 


-18.54 





397 





51 


99.980 


Burst 


89 


6 


749628 


18 


92740 


23 


03 


0.08 


2 


284 


1 


739 


-34.22 





239 





58 


100.000 


Burst 


90 


6 


759024 


18 


91769 


22 


36 


0.06 


2 


469 


1 


848 


-0.08 





251 





79 


99.990 


Burst 


91 


6 


718533 


18 


95525 


21 


09 


0.05 


3 


802 


2 


299 


-47.04 





395 


1 


04 


99.790 


E 


92 


6 


768041 


18 


91343 


22 


45 


0.06 


3 


135 


2 


103 


51.00 





329 





56 


97.040 


E 


93 


6 


745049 


18 


93361 


21 


86 


0.05 


4 


577 


2 


252 


-37.72 





508 


2 


41 


89.890 


Burst 


94 


6 


761848 


18 


92041 


20 


23 


0.05 


5 


429 


2 


674 


-3.17 





508 





24 


99.590 


E 



Table 1. (Contd.) 



# 


RA 


Dec 


R mag 


Error 


A 


B 


e 


Ellip 


Z 


% 


Type 


95 


6 


725812 


18 


95096 


23 


29 


0.10 


1 


982 


1 


717 


14.27 





134 





46 


99.850 


Burst 


96 


6 


762870 


18 


91469 


22 


26 


0.06 


4 


744 


2 


267 


18.97 





522 





79 


99.990 


Burst 


97 


6 


751862 


18 


92347 


23 


80 


0.10 


1 


719 


1 


446 


27.85 





159 





98 


99.830 


Burst 


98 


6 


720642 


18 


95601 


21 


54 


0.05 


4 


891 


2 


665 


77.86 





455 





80 


98.490 


E 


99 


6 


741830 


18 


93889 


20 


73 


0.05 


3 


182 


3 


089 


-19.42 





029 





35 


98.320 


E 


100 


6 


771370 


18 


91395 


22 


54 


0.06 


2 


699 


2 


033 


-79.96 





247 





30 


99.960 


SO 


101 


6 


770688 


18 


91605 


20 


05 


0.05 


5 


174 


3 


112 


81.96 





399 





14 


88.850 


Burst 


102 


6 


758063 


18 


92635 


23 


57 


0.10 


2 


783 


1 


709 


-23.73 





386 


1 


29 


99.750 


E 


103 


6 


743377 


18 


93955 


24 


37 


0.13 


1 


752 


1 


250 


-21.71 





286 


2 


27 


95.530 


Sb 


104 


6 


724585 


18 


95566 


23 


63 


0.09 


1 


850 


1 


632 


57.80 





118 





45 


99.490 


Burst 


105 


6 


724108 


18 


95733 


21 


32 


0.05 


3 


735 


2 


886 


-53.47 





227 





41 


99.180 


Sb 


106 


6 


765739 


18 


92245 


23 


42 


0.08 


1 


863 


1 


733 


6.12 





070 


3 


04 


99.180 


Burst 


107 


6 


749199 


18 


93657 


23 


25 


0.07 


2 


036 


1 


678 


34.36 





176 





71 


99.830 


E 


108 


6 


772387 


18 


91769 


22 


31 


0.06 


2 


811 


2 


307 


-12.73 





179 





84 


99.850 


Burst 


109 


6 


741495 


18 


94304 


22 


15 


0.05 


3 


146 


2 


197 


-26.56 





302 





57 


97.760 


E 


110 


6 


746771 


18 


93933 


19 


63 


0.05 


4 


419 


3 


544 


-59.63 





198 





10 


89.820 


Burst 


111 


6 


761366 


18 


92702 


24 


74 


0.16 


1 


605 


1 


169 


38.40 





272 


2 


33 


99.980 


SO 


112 


6 


763813 


18 


92675 


18 


62 


0.05 


4 


689 


4 


309 


-6.05 





081 


2 


01 


99.990 


Burst 


113 


6 


753056 


18 


93486 


24 


94 


0.16 


1 


227 





938 


-34.79 





235 


2 


76 


94.010 


Sd 


114 


6 


755443 


18 


93353 


23 


96 


0.14 


1 


414 


1 


348 


-24.95 





046 


1 


44 


99.910 


Burst 


115 


6 


736525 


18 


94930 


24 


59 


0.13 


1 


333 


1 


177 


-58.65 





117 


2 


09 


99.950 


E 


116 


6 


774732 


18 


91794 


22 


20 


0.05 


2 


536 


1 


979 


-19.45 





220 





35 


99.750 


E 


117 


6 


755332 


18 


93582 


23 


94 


0.15 


1 


607 


1 


113 


-67.05 





307 


1 


03 


99.760 


E 


118 


6 


750640 


18 


93991 


23 


59 


0.09 


2 


627 


1 


381 


10.56 





474 


1 


19 


99.680 


Sa 


119 


6 


730174 


18 


95795 


21 


13 


0.05 


3 


576 


2 


819 


-27.46 





212 


2 


45 


99.990 


E 


120 


6 


759603 


18 


93127 


23 


60 


0.09 


2 


861 


1 


424 


65.14 





502 


2 


45 


100.000 


Burst 


121 


6 


731014 


18 


96300 


23 


05 


0.07 


2 


313 


2 


155 


41.70 





068 


1 


00 


99.970 


Burst 


122 


6 


751646 


18 


94078 


22 


00 


0.06 


2 


762 


2 


264 


-62.94 





180 





36 


99.470 


Burst 


123 


6 


730519 


18 


96472 


21 


78 


0.05 


2 


432 


2 


290 


36.43 





058 





30 


98.730 


SO 


124 


6 


749580 


18 


94896 


21 


26 


0.05 


2 


786 


2 


548 


-24.11 





085 





05 


99.980 


E 


125 


6 


744153 


18 


95331 


23 


28 


0.08 


2 


233 


1 


624 


-38.00 





273 


2 


27 


96.730 


Burst 


126 


6 


736730 


18 


95718 


21 


41 


0.05 


3 


700 


2 


580 


48.97 





303 





10 


99.990 


Im 


127 


6 


738836 


18 


95907 


23 


13 


0.09 


3 


987 


1 


476 


58.88 





630 


1 


34 


91.000 


Burst 


128 


6 


776626 


18 


92780 


23 


46 


0.08 


2 


024 


1 


731 


41.15 





145 


2 


51 


99.960 


Burst 



Table 1. (Contd.) 



# 


RA 


Dec 


R mag 


Error 


A 


B 


e 


Ellip 


Z 


% 


Type 


129 


6 


747582 


18 


95283 


22 


75 





07 


2 


287 


1 


997 


29.62 





126 


1 


82 


88.150 


Burst 


130 


6 


765412 


18 


93769 


23 


46 





12 


2 


501 


1 


399 


-43.17 





440 


2 


26 


99.770 


Burst 


131 


6 


733354 


18 


96597 


23 


83 





11 


2 


314 


1 


430 


-50.28 





382 





05 


99.990 


Sc 


132 


6 


732174 


18 


95842 


22 


65 





07 


2 


542 


2 


141 


50.06 





158 


2 


09 


99.990 


Burst 


133 


6 


767573 


18 


93849 


22 


83 





07 


2 


385 


1 


965 


-45.93 





176 





56 


99.960 


Sa 


134 


6 


760662 


18 


94512 


23 


96 





13 


1 


723 


1 


167 


-49.25 





323 


2 


63 


99.180 


Sa 


135 


6 


730542 


18 


96223 


21 


67 





05 


4 


197 


1 


976 


-80.87 





529 





75 


99.970 


Sb 


136 


6 


754972 


18 


94135 


24 


19 





11 


1 


639 


1 


287 


-12.54 





215 


1 


98 


99.640 


Burst 


137 


6 


776520 


18 


93486 


20 


06 





05 


3 


848 


3 


395 


-4.38 





118 


2 


34 


98.240 


Burst 


138 


6 


736278 


18 


96887 


23 


39 





12 


2 


524 


1 


401 


-82.57 





445 





35 


99.830 


Burst 


139 


6 


766796 


18 


94414 


22 


78 





07 


2 


243 


2 


024 


33.94 





098 





45 


99.930 


SO 


140 


6 


723733 


18 


89472 


23 


93 





10 


2 


001 


1 


431 


-69.78 





285 


2 


27 


98.600 


Burst 


141 


6 


760657 


18 


95011 


23 


14 





09 


2 


117 


1 


727 


-50.93 





184 


1 


66 


91.760 


Burst 


142 


6 


737427 


18 


97238 


20 


36 





05 


3 


984 


2 


893 


-86.99 





274 





39 


92.300 


Burst 


143 


6 


750421 


18 


96291 


22 


42 





06 


2 


742 


2 


217 


66.55 





191 





39 


98.010 


Burst 


144 


6 


753414 


18 


96141 


22 


71 





06 


2 


557 


1 


750 


53.68 





316 


2 


22 


97.480 


Burst 


145 


6 


752117 


18 


92868 


24 


53 





19 


1 


629 





973 


2.74 





403 


1 


34 


100.000 


Sc 


146 


6 


758030 


18 


92137 


23 


78 





13 


1 


868 


1 


380 


-30.13 





261 





29 


99.880 


Burst 


147 


6 


759220 


18 


92332 


23 


60 





09 


1 


826 


1 


556 


32.26 





148 


3 


69 


99.790 


Burst 


148 


6 


769590 


18 


93874 


23 


70 





12 


1 


835 


1 


429 


-5.32 





221 


2 


07 


99.930 


Burst 


149 


6 


769437 


18 


94998 


24 


28 





14 


1 


103 





501 


89.53 





546 


2 


95 


90.880 


Burst 


150 


6 


738302 


18 


94934 


23 


63 





10 


2 


680 


1 


952 


-25.90 





272 


3 


31 


99.950 


E 


151 


6 


723996 


18 


94461 


24 


10 





13 


2 


223 


1 


609 


-29.12 





276 


2 


40 


95.140 


Sc 


152 


6 


730829 


18 


94240 


24 


24 





16 


1 


487 


1 


022 


44.88 





313 





63 


100.000 


Sa 


153 


6 


740344 


18 


95894 


24 


36 





17 


2 


201 


1 


406 


-69.58 





361 


2 


69 


96.410 


Sd 


154 


6 


743816 


18 


96026 


24 


04 





17 


1 


677 


1 


430 


38.54 





147 


3 


54 


99.900 


Sa 


155 


6 


732366 


18 


96473 


23 


51 





13 


1 


640 


1 


435 


-47.48 





125 


3 


80 


87.610 


E 


156 


6 


743285 


18 


89193 


23 


19 





11 


2 


120 


1 


636 


60.39 





228 





50 


99.270 


Burst 


157 


6 


745655 


18 


88898 


23 


67 





11 


2 


148 


1 


379 


-16.61 





358 


3 


60 


99.990 


Burst 


158 


6 


747603 


18 


89697 


24 


03 





16 


1 


605 


1 


014 


-44.01 





368 


1 


39 


99.590 


Burst 


159 


6 


735456 


18 


90313 


24 


66 





18 


1 


423 


1 


141 


35.47 





198 


1 


63 


96.560 


Burst 


160 


6 


730319 


18 


90195 


24 


90 





16 


1 


918 





701 


54.44 





635 


1 


53 


99.990 


E 


161 


6 


730860 


18 


90607 


24 


00 





16 


1 


525 


1 


201 


20.44 





212 


1 


66 


96.430 


Burst 


162 


6 


731735 


18 


90833 


24 


04 





11 


1 


973 


1 


415 


-18.91 





283 


2 


26 


99.990 


Burst 



12 



Table 1. (Contd.) 



# 


RA 


Dec 


R mag 


Error 


A 


B 


e 


Ellip 


Z 


% 


Type 


163 


6 


742588 


18 


90509 


22 


45 





06 


3 


378 


1 


967 


11.62 





418 





35 


99.020 


Burst 


164 


6 


744093 


18 


91145 


24 


70 





14 


1 


391 


1 


059 


47.77 





239 


2 


24 


100.000 


Burst 


165 


6 


749406 


18 


91006 


23 


97 





13 


1 


804 


1 


208 


-43.74 





330 


2 


63 


99.990 


Im 


166 


6 


747906 


18 


91661 


23 


93 





11 


1 


999 


1 


173 


35.16 





413 





54 


93.320 


Burst 


167 


6 


739581 


18 


92470 


23 


49 





10 


2 


237 


1 


546 


-42.31 





309 





43 


89.410 


Burst 


168 


6 


739374 


18 


92036 


24 


56 





14 


1 


787 


1 


020 


-14.99 





429 


2 


67 


97.450 


SO 


169 


6 


735257 


18 


92176 


23 


79 





12 


1 


426 


1 


284 


20.96 





100 


1 


68 


99.990 


Burst 


170 


6 


730132 


18 


91267 


23 


93 





16 


3 


339 





867 


-46.04 





740 





42 


98.610 


Burst 


171 


6 


728870 


18 


91431 


23 


42 





11 


2 


211 


1 


813 


-49.87 





180 


1 


29 


99.670 


SO 


172 


6 


725771 


18 


90754 


23 


76 





09 


2 


035 


1 


415 


-36.30 





304 


2 


09 


99.720 


Burst 


173* 


6 


716690 


18 


90568 


23 


10 





09 


3 


120 


1 


616 


-72.57 





482 





10 


99.990 


Burst 


174 


6 


703195 


18 


93548 


20 


80 





05 


4 


402 


3 


699 


34.14 





160 





51 


85.610 


Burst 


175 


6 


708062 


18 


93785 


23 


04 





09 


3 


789 


1 


971 


-54.30 





480 





64 


99.750 


Sa 


176 


6 


714692 


18 


93546 


23 


92 





10 


2 


655 


1 


027 


-51.73 





613 


1 


12 


99.990 


Burst 


177 


6 


718461 


18 


93935 


24 


08 





11 


1 


873 


1 


334 


-33.51 





288 





31 


100.000 


Burst 


178 


6 


734882 


18 


92871 


24 


82 





14 


1 


144 


1 


013 


-47.51 





114 


2 


69 


100.000 


Burst 


179 


6 


729826 


18 


92184 


25 


11 





27 


1 


198 





903 


-44.68 





246 


1 


26 


99.910 


Burst 


180* 


6 


716690 


18 


90568 


23 


10 





09 


3 


120 


1 


616 


-72.57 





482 





10 


99.990 


Burst 


181 


6 


711601 


18 


90566 


25 


49 





19 


1 


024 





594 


-86.17 





420 


1 


66 


98.740 


E 


182 


6 


703599 


18 


91426 


23 


16 





09 


3 


002 


1 


722 


-39.10 





426 


1 


50 


98.900 


Sd 


183 


6 


727688 


18 


92827 


24 


17 





15 


1 


481 


1 


099 


-19.94 





258 


2 


21 


99.980 


E 



Furthermore, for 311 field galaxies we esti- of photometric redshifts. 
mated the magnitudes and errors therein in four 
filters, the redshifts, global coordinates for the 

4.2. The Observed Ratios for Faint Galaxies 

epoch 2000.0, galaxy types (in some cases, sev- 
eral types fit simultaneously based on the % 2 cri- 

The compiled catalog of galaxies in the field of 

terion, hence a detailed study of each object is 

GRB 021004 allows us to study the observed rela- 

needed), ellipticity, the stellarity index, the semi 

tions between various parameters of the galaxies, 

major and semi minor axes of the inscribed el- 
and to conduct a preliminary (without redshift 

lipses A and B, as well as the corresponding posi- 

data) selection of objects for a more detailed in- 

tion angles 0. Table 1 lists some of the above pa- 

vestigation. 

rameters for 183 galaxies with reliable estimates 

By way of example for the galaxies of this 
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Figure 2. Color-magnitude diagrams for the discovered field galaxies. 

Dependencies of Apparent Values on Redshift 



field we constructed the color-magnitude dia- 
grams (Fig. 2), and performed the differential 
and integral counts (Figs. 3 and 4). 

The color indices (Fig. 2) reflect the shape of 
a continuous spectrum of the galaxy as a function 
of the observed flux. These indices can be used 
for planning the future detailed observations of 
these galaxies on other telescopes. The differen- 
tial and integral counts of galaxies in this field 
(Figs. 3 and 4) are needed to make a comparison 
with the future observations of the nearby fields 
with the BTA and other telescopes involved in 
this program. 



The obtained photometric estimates of z for 
the galaxies of the field of GRB 021004 allow to 
study both the actually observed evolution of pa- 
rameters of different types of galaxies, and the 
evolution of the large-scale structure of the Uni- 
verse in the radial direction. It should be noted 
that for such astrophysical tasks as the evolu- 
tion of the luminosity function of different types 
of galaxies, identified by the HyperZ code via 
fitting the template continuous spectra of galax- 
ies over broadband photometric observations, as 
well as for the detection of super-large-scale ir- 
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Figure 3. Differential counts of galaxies in four filters. 



regularities in the spatial distribution of galaxies, 
the redshift estimates on the order of 10-20% are 
sufficient enough. 



As an example, we present the dependencies 
of the detected objects' magnitudes on their pho- 
tometric redshifts, which are presented in Fig. 5. 
These charts show the presence of a fairly broad 
luminosity function in distant galaxies, as well as 
the range of apparent magnitudes corresponding 
to a fixed redshift. 



4.3. A Search for Super-Large-Scale Structures 

In order to have a homogeneous distribution 
of galaxies in space, we anticipate a smooth dis- 
tribution of redshifts. The deep surveys are 
magnitude-limited by the samples, where the 
galaxy distribution by redshift is normally ap- 
proximated by the formula from [2]: 

N mod (z,Az) = Az a e(~t) Az, (2) 

where N rno( i{z, Az) is the number of galaxies with 
redshifts in the range of (z, z + Az), the free pa- 
rameters a, (3, zq are found using the method of 
least squares, and A is the normalization parame- 
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Figure 4. Integral counts of galaxies in four filters. 



ter, which corresponds to the condition J N mo( i 
Ntotal ■ 



that we used is expressed by the formula 

AAU N obs {z,Az) - (N) 



a obs (z,Az) 



Nmod 



(N) 



(3) 



The present paper gives an analysis of the 
radial distribution of galaxies in increments of 
Az = 0.2 and Az = 0.3 in order to select prob- 
able regions of high and low density. Switching 
from Az = 0.2 to Az = 0.3, we identify large 
structures, resistant to the considered scale of 
Az. The measure of deviation of the observed 
redshift distribution N j, s (z, Az) from the ex- 
pected one N mo( i(z, Az) for the given bin (z, Az) 



where the mean expected number of galaxies 
(N) = N mo d(z, Az) is given by the formula (2). 
Based on the ratio (3), we isolate the regions 
(with number i) with an excess (Over Density 
Region, ODR_i) and low (Under Density Re- 
gion, UDR_i) density of galaxy number relative 
to the Poisson level a p , i.e. the regions with a 
relative density fluctuation AN/N > +a p and 
AN/N < -a p . 

Figure 6 presents radial distributions 
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Figure 5. Magnitude-redshift diagrams for the objects discovered. 



of galaxies (denoted by the dots) in 
the field of GRB 021004, with the bin 
sizes of Az = 0.2 (Ar = 600 Mpc/h, 
h = #/(100 km/s/Mpc)) and Az = 0.3 
(Ar = 900 Mpc/h). The same figure has the 
theoretically expected distributions (the thick 
smooth line), plotted for a homogeneous distri- 
bution of galaxies in space, the deviations from 
which are caused by the Poisson fluctuations 
(dp), by the correlated structures (cr corr ) and by 
the possible systematic errors (cr S ystematic) [2]. 
The coefficients of theoretical distributions for 
the bins Az = 0.2 are: a = 0.63 ± 0.30, z Q = 0.9, 



P = 1.27 ±0.30, A = 57.28 ± 11.45, and for 
the bins Az = 0.3: a = 0.74 ± 0.47, z Q = 0.9, 
13 = 1.27 ± 0.38, A = 89.71 ± 23.47. 

Figure 7 demonstrates relative deviations of 
the number of galaxies from the theoretical 
curves in the bins Az = 0.2 and Az = 0.3 based 
on redshift. One can highlight the regions of high 
and low density in the graphs. Table 2 presents 
the regions of high and low density, as well as 
their sizes in the radial direction Ar, detected 
at the level of ±a p in the case of the radial dis- 
tribution of Az = 0.3, where a corr = |cr 5 s — a p \. 
Note that a small number of galaxies within the 
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range of z > 3.5 does not permit to assert that 
we indeed observe a region with an increased con- 
centration of galaxies. The value of the detection 
threshold is variable, we adopted it at ±a p since 
this is a characteristic value of the Poisson dis- 
tribution. 

5. CONCLUSION 

Our main objective was to study the feasibil- 
ity of the "space imaging" method with the BTA 
in order to obtain the observational constraints 
on the existence of super-large structures. This 
technique allows to study the gigaparsec-scale 
structures based on the observed distributions 
of photometric redshifts of faint galaxies in deep 
fields in the adjacent areas of the celestial sphere. 

As a first step, the preset work investigates 
the deep field sized 4' x 4' around the host galaxy 
of the gamma-ray burst GRB 021004, obtained 
on the BTA with the SCORPIO focal reducer in 
the BVRJc filters. 



70 1 




12 3 4 

Z phot 

the bins Az = 0.2 (left) and Az = 0.3 (right). 



We have compiled a catalog of galaxies de- 
tected in the field: 183 objects with the SNR 
greater than 3 in each filter, and with the limiting 
magnitudes of 26.0 (B), 25.5 (V), 25.0 (R c ), 24.5 
(I c ). This allowed us to measure the photomet- 
ric redshifts of the field galaxies up to z 4 with 
probability of 0.9. Here we used the Seaton's ex- 
tinction law (MW). 

Earlier, Nabokov and Baryshev [1] took an ex- 
ample of 100 gamma-ray bursts with known red- 
shifts and showed that the radial distribution of 
gamma-ray bursts is consistent with radial distri- 
butions of galaxies in the other currently avail- 
able deep fields. An analysis of the deep field 
of GRB 021004, carried out in the present pa- 
per, shows that selection of faint galaxies and 
construction of radial distributions in deep fields 
of gamma-ray bursts, reachable with the BTA, 
can be used with the aim of investigating the 
large-scale structure of the Universe on Hubble 
scales. In the case of absence of systematic effects 
in the technique of photometric redshift mea- 
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Figure 7. The observed a t a deviations and the Poisson noise o p (dotted lines) and 3cr p (dashed lines) for 

the bins Az = 0.2 (left) and Az = 0.3 (right). 



Table 2. The Over Density (ODR) and Under Density Regions (UDR), according to the data of the radial 
distribution of galaxies in the field of GRB 021004 for the bins Az — 0.3 



Zstart 


Z finish 


Az 


Ar 


Ccorr 


Name 


0.45 


0.76 


0.31 


922 


0.64 


GRB021004_ODR_1 


0.86 


1.71 


0.85 


1721 


0.16 


GRB021004_UDR_1 


2.07 


3.14 


1.07 


1166 


1.51 


GRB021004_ODR_2 



surement, we can assume that in the radial di- 
rection there are possible gigaparsec-scale struc- 
tures with contrast equal to 50%. To estimate 
the size and contrast of super-large-scale struc- 
tures in the tangential direction, one needs sim- 
ilar deep field examinations in the neighboring 
areas of gamma-ray bursts, as well as modeling 
the selection effects, which could potentially dis- 
tort the observed radial distribution of distant 
galaxies. 
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